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INTRODUCTION

Colony stimulating factor-1 (CSF-1) is a circulating homodimeric growth factor that
regulates the survival, proliferation, motility and differentiation of cells of the mononuclear
phagocytic lineage (1,2). The effects of CSF-1 are mediated by a high affinity cell surface receptor
(CSF-1R) encoded by the c-fms proto-oncogene, which is a class III transmembrane tyrosine kinase
(3). Confirmation of the roles for CSF-1 in the regulation of mononuclear phagocytes comes from
studies with a CSF-1 null mutant mouse, osteopetrotic (Csfmop). This mouse contains a thymidine
insertion in the 5’ end of the CSF-1 gene, which results in a translational frameshift and premature
termination of translation. Therefore, homozygous mutant mice are completely devoid of CSF-1
(4,5). Phenotypically the homozygous mutants are severely depleted of cells of the mononuclear
phagocytic lineage including macrophages and osteoclasts, confirming the central role of CSF-1 in
the regulation of these cells (4,6,7). The deficiency in osteoclasts results in a characteristic
phenotype of osteopetrosis and toothlessness, due to the inability to remodel bone in these mice (6).

A strong association has been found between the overexpression in breast tumor cells of
CSF-1 and its receptor, and the progression of breast cancer as well as a poor prognosis (8,9,10,11).
Elevated circulating levels of CSF-1 also correlate very strongly with the metastatic process in breast
carcinoma (12). CSF-1 expression is prevalent in invasive breast tumor cells as opposed to intra-
ductal (pre-invasive) cancer and more cells contain CSF-1 at the invading front than at the center of
the tumor mass (10,13). Furthermore, CSF-1 has been shown to stimulate the invasiveness of breast
cancer cells in an in vitro amniotic membrane assay (14). The occurrence of tumor-associated
macrophages is also highly correlated with the degree of breast tumor angiogenesis related to poor
prognosis (15). These data suggest that the macrophage growth factor, CSF-1, induces not only an
autocrine tumor cell growth stimulation but also the paracrine recruitment of macrophages into the
tumor, emphasizing a potentially important role of tumor associated macrophages.

Besides its potential role in breast carcinogenesis, our previous studies on CSF-1-null mutant
mice have shown that CSF-1 plays an important role in mammary gland development since
Csfmop/Csfmop females display a lack of branching morphogenesis of the mammary gland during
pregnancy and fail to undergo lactation (16,17). These defects are associated with an almost
complete absence of macrophage in Csfmop/Csfmop mammary glands which in normal mice
(+/Csfmop) cluster around the developing ductal structures at mid-pregnancy.

Our studies supported by this grant have established a relationship between CSF-1-regulated
mammary gland development in normal and 0 tumorigenic processes.
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BODY

During this first year, we started to develop different breast tumor mouse models in absence
of CSF-1. Early indications suggest that the lack of CSF-1 has significant effect on tumor
development. However, during this study, it became apparent that the CSF-1-null mutation affects
not only the mammary gland tumor pathologic process but also the normal postnatal mammary gland
development. Consequently, we spent a significant time to define the nature of the deficient
mammary gland development in young Csfmop/Csfmop mice, in order to better understand the
impact of CSF-1 on mammary tumorigenesis.

I - Results
L.1 — Role of CSF-1 in the etiopathogenesis of mammary gland tumors

The effect of lack of CSF-1 on tumor growth and metastatic potential has been investigated
by crossing mice susceptible to mammary tumors with the Csfm”/Csfm” mice.

I.1.1 - Task 1: To examine the tumor-suppressive effect of the Csfm” mutation in the C3H
MMTV+ breast tumor susceptible mice

One of these breast tumor susceptibility models is the C3H MMTV+ mouse strain, where
breast tumors are induced by the endogenous Mouse Mammary Tumor Virus (MMTV). We
backcrossed the Csfim” mutation 6 times onto the C3H MMTV+ background. The female +/Csfm®
C3H MMTV+ mice have been crossed with the male Csfm”/Csfm” C3H MMTV+ mice, and the
Csfm”/Csfm’? offspring and their littermate controls have been examined for the incidence of
mammary tumor development over their life span. So far, 12 out of 12 +/Csfm® C3H MMTV+ mice
developed mammary tumors in 7 months versus 1 out of 5 Csfm™/Csfm’” C3H MMTV+. These
preliminary data are in accordance with our hypothesis that in the absence of CSF-1, breast cancer
malignancy is reduced.

We also induced surgically breast tumors by transplanting the MMSMT mammary carcinoma
cell line (MMTV+, C3H background) into the mammary gland fat pads of mutant mice. We first
characterized this cell line in terms of CSF-1 and CSF-1R expression. We showed by northern blot
that CSF-1R transcripts are absent and CSF-1 is weakly detected in MMSMT cells. We first
attempted to transplant this cell line into the mammary gland fat pads of Csfm”/Csfm® and their
littermate control +/Csfm‘” mice. Unfortunately, we observed an immunologic rejection of the host;
most likely due to the fact that the Csfin” colony mice lack MMTYV and they display a mixed
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background C3H/B16. Therefore, MMTYV and the B16 background may be the cause of immunologic
rejections. We will next perform the same experiments by transplanting the MMS5SMT cells into the
Csfm”, C3H, MMTV+ mice that are currently generated. The same C3H, MMTV+ background
between the transplanted cells and the mouse will make this tumor mouse model easily interpretable.
Unfortunately, we are facing a problem of Csfm”, C3H, MMTV+ mouse generation, because of their
low efficiency of mating. Once we obtain more mice, we hope to achieve this aim.

I.1.2 - Task 2: To establish CSF-1 nullizigous oncogenic-breast cancer mouse models to
analyze the role of CSF-1 in breast tumor progression.

In addition to the slow MMT V-infected C3H mammary tumor model, in a parallel study in
the laboratory, MMTV-PyV middle T transgenic tumor mouse model has been developed. Mice
have been generated by breeding the Csfm” mutation onto the transgenic MMTV-PyV middle T
background. Whole mount analysis of mammary glands from Csfin”/Csfm® mice showed a delay in
the progression of primary tumors versus the control mice. After 8 weeks, all +/Csfin°” mice
developed tumor multiple foci spread throughout the fat pads, whereas Csfm®/Csfm® mice displayed
only a primary tumor around the nipple area. Interestingly, the multiple foci in +/Csfm” mice are
associated with morphologic changes in the main primary tumor around the nipple, displaying an
invasive phenotype with a lack of epithelial organization. The degree of tumor malignancy is also

associated with an infiltration of leukocytes at the invading front. This delayed tumor progression in -

Csfim”/Csfm® mice is correlated to the lack of macrophage, which are abundant around the
carcinoma cells in +/Csfm” mice.

A third tumor model neu/cerb?2 is still in progress. We are currently breeding the transgenic
MMTV-neu/cerb2 mice onto the Csfm”/Csfm® background.

However, there is a caveat in the interpretation of these results, since we found that the
mammary*gland development in Csfim”/Csfm” mice was delayed compared with +/Csfm” mice,
suggesting that this rather than the involvement of macrophages in tumor growth might be the
explanation of the difference between +/Csfim” and Csfm®/Csfm’ mice. It became essential
therefore, to define the developmental deficiencies and the reason for these defects.

1.2 - Role of CSF-1 in prepubertal mammary gland development
I.2.1 - Requirement of CSF-1 in mammary gland development
We studied the development of +/Csfm®™ and Csfm™/Csfm® mice’s mammary glands from 3

to 12 weeks of age (figure 1). The fourth inguinal mammary gland whole mounts of 3 to 5 mice were
analyzed and the different parameters such as duct length, branching number, terminal end bud
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(TEB) number were quantified (figure 2). Ductal lengths (mm) were measured from the nipple area
to the tip of the longest duct through the lymph node. Branching numbers represent the mean of
branching number along the 3 longest ducts from the nipple area to the migration front. TEBs were
quantified in the whole mammary gland. The first TEBs, which are the initial epithelial structure for
duct elongation, appear at 3 weeks in mammary gland of WT mice (+/Csfm™) compared to 4 weeks
in the mutant mice (Csfm”/Csfm’?). In addition, the TEB number in WT mammary gland is
significantly greater than in mutant mammary gland, which is closely related to the more extensive
ductal tree and the larger fat pad size in mammary gland of +/Csfm® mice. Between 8 and 9 weeks,
the branching tree filled the whole fat pad in +/Csfm” mice. TEB have disappeared and some
secondary ducts, resulting from the hormonal estrus cycle influence, are formed. The ductal tree is
still growing in Csfm™/Csfm® mice and finally, at 12 weeks of age, the branching tree filled the fat
pad. However, no secondary ducts are noticed, most likely due to the delayed estrus cycle in
Csfm”/Csfm°" mice. Interestingly, the parameters describing the mutant aberrant mammary gland
development such as, duct length, branching and TEB numbers, do not follow the difference of
mouse weight observed from the very beginning of mouse life (3 weeks of age, figure 2), indicating
that the mammary gland phenotype in Csfim”/Csfm” mice is not due to a general metabolism defect,
but rather due to a local mammary gland defect.

Taken together, these data show a delayed mammary gland development in Csfim®/Csfm™
mice in addition to an atrophic adult mammary gland formation. The delay in development
paralleled the delay in tumor progression suggests that there is a common mechanism between these
processes.

1.2.2 - Requirement of macrophage in TEB and branching formation.

Since CSF-1 is the major growth factor involved in mononuclear phagocyte proliferation,
differentiation and recruitment, we addressed the question whether the defective ductal tree in
Csfm”/Csfm® mice was due to a macrophage population deficiency. We analyzed macrophage
distribution during prepubertal mammary gland development in the CSF-1 null mutant mice and
their littermate controls, by performing immuno-histochemistry with the antibody F4/80 specific for
macrophages. However, our data indicate clearly that F4/80 is not only able to recognize
macrophages but also cross react with eosinophils in mammary gland. All eosinophils identified by a
giemsa staining surrounding TEBs, are positive for F4/80. Among F4/80 positive cells, eosinophils
are easily distinguished from macrophages at high power magnification (100X) by their nuclear
shape (polynuclear for eosinophil and mononuclear for macrophage) and their cytoplasmic shape
(usually round for eosinophil and largely spread for macrophage). Very early in the development of
the mammary gland, at 2.5 weeks of age, macrophages are already abundant around the nipple area
in +/Csfm® mice compared to the Csfm™/Csfm® mice, where macrophages are completely absent.
Then, at 3 weeks of age, when TEBs appear in +/Csfm” mice, macrophages and eosinophils are
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recruited around all TEBs, suggesting different functions in ductal outgrowth. In contrast, in
Csfm®/Csfm® mice, no F4/80 positive cells were found around the rudimentary tips of ducts, that at
this time have not yet formed TEB. Most of F4/80 positive cells present in the mammary gland come
from the lymph node leading to an intense F4/80 immunostaining into the lymph node of both
Csfm”/Csfm® and +/Csfm” mice. In the control mice, the F4/80 positive cells that are released in the
fat pad from the lymph node are equally distributed between macrophage and eosinophil (figure 4).
In contrast, in the CSF-1 null mutant mice, eosinophils are the only type of F4/80 positive cells seen
and they are abundantly scattered all over the fat pad. These data, so far, indicate that macrophage
recruitment is closely related to TEB formation. At 5 weeks of age, F4/80 positive cells are recruited
around the TEBs that are developed in Csfin”/Csfm® mice. Half of them are macrophages, and half
are eosinophils. However, the F4/80 positive cell density surrounding TEBs is about half in
Csfm®/Csfm® mice versus control mice (figure 4).

1.2.3 - Daily CSF-1 treatment from birth rescues partially the mammary gland defect related
to the lack of CSF-1-dependant macrophage recruitment in Csfm®/Csfm® mice.

In order to determine whether CSF-1 is indispensable for ductal outgrowth, we treated the
mutant mice and their littermate control mice from birth with a daily injection of CSF-1. We
examined the potential rescue of the defective mammary gland development in Csfm”/Csfm® mice.
Mice were sacrificed at 5 weeks of age, and mammary gland whole mounts were analyzed.
Interestingly, CSF-1 treatment rescued the branching number and TEB number in Csfm”/Csfm®
mice, highlighting the important role of CSF-1 in branching outgrowth. However, the ductal length
remained low compared to the non-treated control mice (Figure 3). Similarly, the fat pad size was
still reduced in Csfm”/Csfm® mice, suggesting a closed correlation between the control of fatty
stroma size and ductal length. CSF-1 treatment did not change significantly the weight of mice in
both group’s +/Csfm® and Csfm™/Csfmm” mice, which is consistent with the fact that mammary
gland fat size did not change in Csfm®/Csfm® mice.

After 5 weeks of daily CSF-1 treatment, F4/80 positive cells density around TEBs is not
significantly different in +/Csfm® mice versus the mutant mice and did not increase compared to the
untreated mice in both groups (figure 4). Nevertheless, most of these F4/80 positive cells are
macrophages, the number of eosinophil having strongly decreased. The northern blot analysis of
total mammary gland RNA from 5 weeks of age mice shows a strong CSF-1R transcript level in
+/Csfm’ mice, while it is almost undetectable in Csfm®/Csfm’ mice. CSF-1R transcript level is
rescued in mammary glands of Csfm”/Csfm” mice treated with CSF-1 from birth, indicating that
CSF-1 itself upregulates its receptor CSF-1R transcript in mammary gland. Preliminary
immunohistochemistry data showed that in +/Csfin” mice, CSF-1R protein is expressed in epithelial
cells from the TEB bodies and from the luminal side of ducts as well as in the macrophages
especially localized in lymph node and in the connective tissue surrounding the fatty stroma. CSF-
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IR immunostaining is not detectable in the mammary gland of Csfm”/Csfm” mice. Altogether these
data show a strong evidence of CSF-1 requirement in early mammary gland development, acting
through its receptor CSF-1R directly on epithelial cells and indirectly on macrophages by recruiting
them in the mammary gland from the lymph node and the adjacent connective tissue.

The tight correlation between the dramatic recruitment of CSF-1-dependant macrophages
around TEBs and ductal growth highlights the importance of CSF-1 in postnatal mammary gland
development acting through the macrophage/epithelial cell interactions. This developmental study is
also consistent with the role of macrophages in tumor progression and suggests that macrophages
promote the ability of both ductal epithelial and tumor cells to invade the fat pad. Nevertheless, the
unexpected finding of CSF-1R immunoreactivity in ductal epithelial cells suggests that CSF-1 could
have a direct role in ductal epithelial and tumor growth. These alternatives will be explored during
the rest of the year of funding.

1.2.4 — Role of CSF-1 in the in the adipocyte/epithelial cell interaction in mammary gland
development.

In order to determine the crucial time when the deficiency of mammary gland epithelial
growth in Csfm™/Csfm® mice is observed, we analyzed mammary gland whole mounts very early
during the development (figure 5). Surprisingly, at 2 weeks of age, the mammary glands of mutant
and WT mice display a similar development. Branching trees remain very rudimentary without any
TEB and fat pad sizes are identical. In contrast, at 3 weeks of age, the first TEB are formed in
+/Csfm” mice whereas they are still absent in Csfm®/Csfm® mice. This defective epithelial growth is
most importantly associated with a dramatic reduction of the fat pad size in mutant mice. Therefore,
we focussed our studies on the role of CSF-1 on fat pad development. We performed subtraction
hybridization between an mRNA pool derived from 3 weeks mammary glands of +/Csfm® mice and
an mRNA pool derived from 4 weeks mammary glands of Csfm™/Csfm mice. At these ages,
Csfm®/Csfm” and +/Csfm® mice display the same epithelial tree outgrowth with some TEBs. The
only morphologic difference resides in the fat pad size, which is strongly reduced in the mutant mice
(figure S5). Therefore, by subtraction hybridization, we sought to identify genes that are specifically
associated with CSF-1-dependant signaling in fat exclusive of genes involved in TEB formation.
Indeed, we found one such gene, the uncoupling protein —1 (UCP-1), which is known to be
specifically expressed in brown fat adipocytes (18). The northern blot of mammary gland total RNA
from different mice of 2 to 4 weeks of age showed the presence of UCP-1 transcript exclusively in
+/Csfm” mice. The histologic analysis of mammary glands of +/Csfm’” mice at this early stage
confirmed the presence of multilocular adipocyte foci characteristic to brown fat tissue (figure 6).
The brown fat is localized between the nipple and the lymph node, in the area where TEBs are
formed. Our data indicate a close relationship between the brown fat presence and TEB development
in +/Csfm® mice. This is the first report indicating the presence of brown fat in mammary gland

10
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suggesting a novel role of this specific fatty stroma in epithelial mammary gland outgrowth.
Nevertheless, the direct role of CSF-1 for adipocyte differentiation remains to be elucidated, and the
contribution of the brown fat for TEB formation must be further investigated.

In conclusion, this developmental study of CSF-1 null mutant mice allows us to demonstrate
multiple role of CSF-1 in postnatal mammary gland development. CSF-1 is required for epithelial
ductal outgrowth acting through the CSF-1R expressed directly on epithelial cells, and indirectly on
macrophages in order to recruit them around the highly proliferative epithelial structure, the TEBs.
Although the expression of CSF-1R on brown adipocytes is not definitive, our preliminary data
suggest that CSF-1 regulates the transient appearance of brown fat cells in the mammary gland
closely associated with TEB formation.

IT - Discussion

Our original hypothesis was that CSF-1 is involved in the breast tumor progression acting in
an autocrine manner on tumor epithelial cells but also in a paracrine manner on CSF-1R bearing
macrophages recruitment into the tumor. Therefore, in absence of CSF-1, breast cancer malignancy
should be strongly reduced.

During this first year, we showed that, in absence of CSF-1 (Csfm”/Csfm’ mice), the
mammary gland tumor incidence was significantly reduced in the MMTYV infected C3H mouse
model. In addition, by analyzing a more aggressive mouse model, the transgenic MMTV-PyV
middle T background, we found a delayed tumor progression in Csfm”/Csfm‘” mice correlated to the
lack of macrophage, which are abundant around the carcinoma cells in +/Csfin”” mice. So far, our
data are consistent with our original hypothesis indicating the crucial role of CSF-1 and CSF-1-
dependant macrophages in tumor cell growth and invasiveness. Similarly, in a normal mammary
gland development context, we demonstrated that CSF-1 is required for proper postnatal mammary
gland development acting through CSF-1R-bearing-macrophages and -epithelial cells. In addition to
its influence on macrophages, CSF-1 is also able to affect adipocyte differentiation into brown fat
cells, which is associated with the branch outgrowth during the postnatal mammary gland
development. Interestingly, tumor development correlated with reduced mammary gland
development most likely due to effect on fat pad. In deed, well-documented mesenchymal /epithelial
interactions suggest that this point is important both in normal as well as malignant mammary
epithelium growth. These studies, altogether with ongoing analysis of mammary tumor-susceptible
Csfm”/Csfm mice, will offer insight into the autocrine role of tumor-secreted CSF-1 and its
paracrine effect on macrophages and fat cells, emphasizing the importance of stromal/epithelial cell
interactions in normal and malignant mammary gland development.

11
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CONCLUSION

We showed that in addition to the direct role of CSF-1 on epithelial cell growth, CSF-1
orchestrates the dense stroma (macrophage)/ epithelial cell interactions as well as the fatty stroma
(brown adipocyte)/epithelial cell interactions necessary for proper mammary gland epithelial
development. These results are consistent with the tight correlation we found between tumor-
macrophage infiltration and the degree of mammary tumor malignancy. This new concept of the
multiple action of CSF-1 in mammary gland postnatal development provides a new approach to
investigate CSF-1 function in breast tumor progression focussed on macrophage and brown
adipocyte roles. Consequently, beside our original proposal, we plan to investigate further the novel
observation of CSF-1 function on brown fat differentiation leading to the postnatal mammary gland
development and potentially to the breast tumor malignancy.

12




REFERENCES

1 - Stanley, E.R., L.T. Guilbert, R.J. Tushinski, and S. H. Bartelmez. 1983. CSF-1 a mononuclear
phagocyte lineage-specific hematopoietic growth factor. J. Cel. Biochem. 21:151.

2 - Sherr, C.J. and E. R. Stanley. 1990. Colony-stimulating factor 1/macrophage colony stimulating
factor. In Handbook of experimental Pharmacology: Peptide Growth Factors and their receptors.
M.B. Sporn and A.B. Roberts, eds. Springer-Verlag, Heidelberg, New York, p667.

3 - Sherr, C.J., C. W. Rettenmier, R
. Sacca, M. S. Roussel, A. T. Look, and E. R. Stanley. 1985. The c-fms proto-oncogene product is
related to the receptor for the mononuclear phagocyte growth factor, CSF-1. Cell 41:665.

4 - Wiktor-Jedrzejczak, W., A. Bartocci, A.W. Ferrante, A. Jr. Ahmed-Ansari, K.W. Sell, J.W.
Pollard, and E.R. Stanley. 1990. Total absence of colony stimulating factor 1 in the macrophage-
deficient osteopetrotic (op/op) mouse. Proc. Natl. Acad. Sci. USA. 87:4828-4832.

5 - Yoshida, H., S.I. Hayashi, T. Kunisada, M. Ogawa, S. Nishikawa, H. Okamura, T. Sudo, L.D.
Shultz, and S-I Nishikawa. 1990. The murine mutation osteopetrosis in the coding region of the
macrophage colony-stimulating factor gene. Nature 345:442-444.

6 - Felix, R., M.G. Cecchini, and H. Fleisch. 1990. Macrophage colony-stimulating factor restores in
vivo bone resorption in the op/op osteopetrotic mouse. Endocrinology 127:2592-2594.

7 - Cecchini, M. G., M. G. Dominguez, S. Mocci, A. Wetterwald, R. Felix, H. Fleish, O. Chisholm,
W. Hofstetter, J. W. Pollard, and E. R. Stanley. 1994. Role of colony stimulating factor-1 in the

establishment and regulation of tissue macrophages during postnatal development of the mouse.
Development 120:1357.

8 - Kacinski, B. M., D. Carter, K. Mittal, E. I. Kohorn, R. S. Bloodgood, J. Donahue, L. Donofrio, R.
Edwards, P. E. Schwartz, J. T. Chambers, and S. K. Chambers. 1988. High level expression of fms

proto-oncogene mRNA is observed in clinically aggressive human endometrial adenocarcinomas. 1.
J. Radiation Oncology Biol. Phys. 15:823.

9 - Kacinski, B. M. 1995. CSF-1 and its receptor in ovarian, endometrial and breast cancer. Ann.
Med. 27:79.

13




10 - Scholl, S. M., P. Crocker, R. Tang, P. Pouillart, and J. W. Pollard. 1993. Is colony stimulating
factor-1 a key mediator in breast cancer invasion and metastasis? Molecular Carcinogenesis 7:207.

11 - Smith, H. O., P. S. Anderson, D. Y. K. Kuo, G. L. Goldberg, C. L. DeVictoria, C. A. Boocock,
J. G. Jones, C. D. Runowicz, E. R. Stanley, and J. W. Pollard. 1995. The role of colony-stimulating
factor 1 and its receptor in the etiopathogenesis of endometrial adenocarcinoma. Clinical Cancer
Research 1:313.

12 - Kacinski, B. M., S. K. Chambers, D. Carter, A. E. Filderman, and E. R. Stanley. 1990. The
macrophage colony stimulating factor CSF-1, an auto- and paracrine tumor cytokine, is also a
circulating ‘tumor marker’ in patients with ovarian, endometrial, and pulmonary neoplasm. The
Physiological and Pathological effects of Cytokines, Progress in Leukocyte Biology, M. Powanda,
M. J. Kluger, J. Oppenheim, eds Kluger Wiley-Liss, New York 10B:393.

13 - Scholl, S. M., C. Pallud, F. Beuvon, K. Hacene, E. R. Stanley, L. Rohrschneider, R. Tang, P.
Pouillart, and R. Lidereau. 1994. Anti-colony-stimulating factor-1 antibody staining in primary
breast adenocarcinoma correlates with marked inflammatory cell infiltrates and prognosis. Journal of
the National Cancer Institute 86:120.

14 - Filderman, A. E., A. Bruckner, B. M. Kacinski, N. Deng, and H. G. Remold. 1992. Macrophage
colony-stimulating factor (CSF-1) enhances invasiveness in CSE-1 receptor-positive carcinoma cell
lines. Cancer Res. 53:3661.

15 - Leek, R.D., C.E. Lewis, R. Whitehouse, M. Greenall, J. Clarke, and A.L. Harris. 1996.
Association of macrophage infiltration with angiogenesis and prognosis in invasive breast

carcinoma. Cancer Res. 56:4625-9.

16 - Daiter, E. and J.W. Pollard. 1992. Colony stimulating factor-1 (CSF-1) in pregnancy. Reprod.
Med. Rev. 1:83.

17 - Pollard, J.W. and L. Hennighausen. 1994. Colony stimulating factor 1 is required for mammary
development during pregnancy. Proc. Natl. Acad. Sci. USA 91:9312.

18 — Ricquier, D and Bouillaud F. 1986. The brown adipose tissue mitochondrial uncoupling protein.
In Brown Adipose Tissue (Edited by Trayhurn P. and Nicholls D.G.) Arnold, London. 86-104.

14




"proprietary data"

APPENDICES

Figure 1 : Mammary glands whole mounts of +/Csfm® and Csfm®/Csfm® virgin mice of 3, 4, 9 and
12 weeks of age. The photomicrographs were taken at the same magnification of the entire fourth
inguinal mammary gland, showing the atrophic development in Csfm™/Csfm’ mice. The arrow
indicates the terminal end buds (TEB), NP is the nipple area and LN the lymph node.

Figure 2 : Ductal length, branching and terminal end bud (TEB) numbers and weight of +/Csfm®
and Csfm”/Csfm® mice. Mice were killed at 2.5 to 12 weeks, and the fourth inguinal mammary
gland whole mounts were analyzed. The ductal length (mm) is measured from the nipple area to the
tip of the longest duct through the lymph node. Branching number is the mean of branching number
along the 3 longest ducts from the nipple area. TEBs are quantified in the whole mammary gland.
Points represent mean +/- SD of at least three mice per time point.

Figure 3 : Ductal length, branching and TEB numbers of +/Csfm” and Csfin”/Csfm® mice. Mice
treated with CSF-1 from birth and their untreated littermates were killed at 5 weeks, and the fourth
inguinal mammary gland whole mounts were analyzed. The ductal length (mm) is measured from
the nipple area to the tip of the longest duct through the lymph node. Branching number is the mean
of branching number along the 3 longest ducts from the nipple area. TEB are quantified in the whole
mammary gland. Points represent mean +/- SD of at least three mice per time point.

Figure 4 : Quantification of F4/80 positive cells per unit surface localized around TEBs in +/Csfm®
and Csfm”/Csfm® mice. Mice treated with CSF-1 from birth and their untreated littermates were
killed at 3 or 5 weeks, and F4/80 immunostaining of each fourth inguinal mammary gland were
analyzed. Macrophage and eosinophil were distinguished and counted for 3 TEBs on the mammary
gland section from 3 mice of each group. Points represent mean +/- SD.

Figure 5 : Mammary gland whole mounts of +/Csfin” and Csfm™/Csfm™ mice of 2 and 3 weeks of
age. The photomicrographs were taken at the same magnification of the entire fourth inguinal
mammary gland, showing the reduced fat pad size in Csfim®/Csfm® mice at 3 weeks.

Figure 6 : Mammary gland sections of +/Csfm® and Csfm”/Csfm® mice of 2.5 weeks of age are

stained with hematoxylin and eosin. The typical multilocular brown adipocytes are abundantly
present in mammary gland of Csfm™/Csfm® mice.
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